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THE NEW PHYSICS 1 



ROBERT A. MILLIKAN 
University of Chicago 



I am to have the honor of speaking to you this afternoon upon 
the new physics, and I foresee that sometime during the hour I 
shall inevitably make a disagreeable impression by letting out the 
fact of my extreme appreciation of the values of my own subject. 
In order, therefore, that I may have some time before the end of 
the hour in which to regain your good will, I shall begin with two 
bold assertions. The first is that a considerable proportion of the 
distinctive elements in modern civilization are the direct conse- 
quence of the development of the science of physics, and the second 
is that the world's future progress and, in particular, its ability to 
get out and keep out of such deplorable situations as that in which 
it now finds itself, may depend in no small degree upon its ability 
to learn two lessons which physics has to teach. These are, first, 
the objective, dispassionate, rational method, and secondly, faith 
in man's ability to subjugate, control, and improve on nature, 
including human nature. 

My attempt will be, first, to make as clear as I may what is the 
method and what is the underlying philosophy of physics — a 
method and a philosophy which, if not altogether new in the world's 
history, are new in the extent of their influence and the generality 
of their acceptance; secondly, to show what quite recent results 
have followed in physics from the pursuit of this method and the 
holding of this philosophy; and thirdly, to indicate quite briefly 
some results which might follow from the more general extension of 
this method to other departments of human life. 

First, as to the philosophy. What is the fundamental assump- 
tion which every physicist takes as his working hypothesis in his 
own subject and which he usually carries over to all the other 
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departments of his thinking? All primitive people have had a 
philosophy which has been both animistic and fatalistic. Every 
phenomenon which is unusual, or for any reason not immediately 
intelligible, was originally attributed to the direct action of some 
invisible personal being. Witness the peopling of the woods and 
streams with spirits by the Greeks, the miracles and possession by 
demons of the Jews, the witchcraft manias of our own Puritan 
fathers but two hundred years ago. That fatalism results from 
such beliefs would seem to be inevitable, and it has been so in fact; 
for with such a philosophy, whatever happens is the will of the 
gods, or at least the will of more powerful spirits than ourselves, 
and so in all the ancient world, and in much of the modern also, 
in one form or another, three blind Fates sit down in their dark and 
dank inferno and weave out the fates of men. Man is but a speck, 
an atom, caught and whirled hither and thither in the play of mys- 
terious, titanic, uncontrollable forces. 

Now the fundamental philosophy of physics — a philosophy held 
at first timidly, always tentatively, and always modestly — held 
indeed always as a mere working hypothesis, but held with ever- 
increasing conviction from Galileo's time, when the experimental 
method may be said to have had its beginning, down to the year 
1915 — is the direct antithesis of the primitive philosophy. It holds 
that the world is ultimately rationally intelligible, however far from 
a complete comprehension of it we may now be or indeed may ever 
come to be. It believes in the absolute uniformity of nature. It 
views the world as a mechanism, every part and every movement 
of which fits in some definite, invariable way into the other parts 
and the other movements, and it sets itself the inspiring task of 
studying each and every phenomenon in the confident hope that 
the connections between it and other phenomena can ultimately be 
found. It will have naught of caprice in nature. It looks askance 
at mysticism in all its forms, whether put forth by the votaries of 
Dionysus in Greece in 300 B.C. or by the devotees of Bergson in 
Paris in 1915. 

I do not wish to claim, however, that this point of view is alto- 
gether peculiar to physics. It is often called the scientific point of 
view. But physics as a science is very much older and better devel- 
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oped than the other sciences, and it was through physics that this 
attitude went over and into the younger sciences. Indeed, there is 
a rather vague and ill-defined term in use today among some biolo- 
gists, namely, the term "vitalism," which represents a tendency 
toward a repudiation of this fundamental mechanistic hypothesis 
of the physicist. Nevertheless, the retiring president of the Ameri- 
can Association for the Advancement of Science, in his recent 
presidential address, stated that the mechanistic hypothesis, 
whether right or wrong, is and must be the working hypothesis of 
all science, biological as well as physical. It is the hypothesis 
which has been responsible for all that science has done so far, and 
without it science is impotent for further achievements. So much 
for the physicist's working hypothesis. And I would call especial 
attention to the fact that it is in no sense a materialistic philosophy; 
for mind and soul and good and bad are here and hence are inside, 
not outside, the matchless mechanism. 

Second, as to the physicist's method. It is a method practically 
wholly unknown to the ancient world, which was essentially sub- 
jective in all its thinking, which built up its views of things largely 
through introspection. The physicist's method is the method of 
the working hypothesis, of suspended judgment, the method which 
rigidly excludes all prejudices, all preconceptions, all natural or 
traditional sympathies, and sets itself religiously to the task of 
studying critically, minutely, but wholly dispassionately and 
objectively, the particular situation of which it is desired to find 
the causes and the relations. A physicist who fails to be completely 
objective in his study of a physical situation, who allows the minut- 
est trace of intellectual dishonesty or preconception or prejudice to 
influence his study of a physical problem, is violating the most 
sacred duty of his profession. The physicist believes too that it 
is in the extension of this objective method of approach to all the 
problems of life that the progress and even the salvation of the 
world is to be found. Alas, this present cataclysm, which seems 
in so many ways to have set civilization back a thousand years, has 
furnished the pitiful spectacle of an utter disregard of the objective 
method by some of the world's greatest scholars — and even, we say 
it with infinite shame and humiliation, by some of the world's best- 
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known and heretofore most respected scientists. I suppose that 
the utterances which have come from great scholars during the past 
six months will be quoted in psychologies for a thousand years 
to come as illustrations of the temporary reversion under stress of 
supposedly great minds to essential savagery, where impulse alone 
governs action and reason is laid aside. 

But despite such deplorable reversions the physicist still has 
faith both in his working hypothesis and in his method. Why ? 
And here I come to the heart of my subject. Simply because, in 
the familiar phrase of pragmatism, it has thus far been found to 
work; just now it is working; and its promise of keeping on work- 
ing is more brilliant than it has ever been at any preceding time in 
the world's history. Do you realize that, within the memories of 
men now living, or, say, within the past hundred years — merely a 
drop in the bucket of recorded time — the external conditions under 
which man lives his life here on earth have been more completely 
revolutionized than during all the ages which preceded ? And it 
is these changes in external conditions which have been largely 
responsible for the changes which have occurred in his way of 
thinking and feeling and acting. Your own great-grandfathers 
lived in most respects the same kind of a life which the earliest 
Egyptian of whom we have any knowledge lived. He traveled so 
far and only so far as his own two legs or the legs of his horse carried 
him. He dug his ditch, he mowed his hay, he performed all the 
operations of his industrial life just as his Assyrian prototype had 
done six thousand years before, by the power of his two arms, or 
the power of his wife's two arms, with an occasional lift from his 
horse or his ox. He held the same superstitious beliefs about 
disease. He carried a dried potato in his pocket to keep off rheu- 
matism. He propitiated an angry deity in almost the same super- 
stitious way. 

Not until the nineteenth century did the great discovery of the 
ages begin to be borne in upon the consciousness of mankind through 
the results of the labors of a relatively small group of patient, 
indefatigable men who had finally caught the spirit which Galileo 
perhaps first notably embodied, and passed on to Newton, and to 
Franklin, and to Faraday, and to Maxwell, and to the other 
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great architects of this new scientific world in which we live — the 
discovery that man can learn to understand and to control nature — 
the discovery that the key to the external world as well as the key 
to his own internal destiny lies in man's own hands. Perhaps you 
may prefer to have me call this not a discovery but merely a point 
of view, a faith. Very well, it is the faith of the scientist and, he 
will tell you, a faith which has been justified by works. Let me 
illustrate by the history of but one line of scientific study and 
progress. 

In the mystical, fatalistic ages which preceded, electricity was 
simply an agent of inscrutable Providence. It was Elijah's fire 
from heaven which consumed the enemies of Jehovah. It was 
Jove's thunderbolt hurled by an angry God, and it was as pre- 
sumptuous to study this direct manifestation of God's power in the 
world as it was for a child to investigate the strap with which it 
was being punished, or the mental attributes of the father who was 
behind the strap; and it was only one hundred and fifty years ago 
that Franklin sent up his kite and found these awful thunderbolts 
identical with the harmless sparks which he could draw on a 
winter's night from his cat's back. Then thirty years later Volta 
found that he could make these sparks in a new way, namely, by 
the action of common chemicals on dissimilar metals. In other 
words, he invented the common house battery which set the erst- 
while blustering thunderbolts the inglorious task of ringing house- 
bells for the service primarily of womankind — but note that what 
Jove lost in dignity and power and responsibility through this event 
man gained. Then thirty years later, in 1820, Oerstead found that 
these same thunderbolts, when tamed and running noiselessly 
along a wire, exert a pull upon a magnet near the wire and in that 
discovery the electric motor was born. And ten years later Fara- 
day found that he did not need chemicals to produce a current, but 
simply to move a wire across the poles of a magnet was enough, 
and the dynamo was a realized fact. This was in 1831. Modern 
electric civilization with all its developments of electric traction, 
electric lighting, electric toasting, electric foot-warming, electric 
milking, with its long-distance transmission of power from water- 
falls, with its telephony, its telegraphy, and its wireless — all this 
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has been the direct and inevitable result of the working hypothesis 
of a few physicists — Franklin, Volta, Faraday — that the most mys- 
terious, most capricious, most terrible of natural phenomena was 
capable of rational explanation and ultimately amenable to human 
control. 

In these few pages I have sketched a good part of the history 
of the physics of the nineteenth century. Add a page to cover the 
harnessing of steam, with the resultant development of the principle 
of conservation of energy and its applications, and you have before 
you an epitome of the great work of physics in the nineteenth cen- 
tury — a work which not only transformed utterly the external 
condition of man's life on earth, but transformed also his thinking. 
For modern philosophy differs from ancient philosophy chiefly, at 
least, because of the new basis for thinking which physics has given 
to it. 

After this tremendous development of a civilization of steam 
and electricity which characterized the nineteenth century there 
were physicists who gave expression to the view that our mine had 
been worked out, that the great discoveries in physics had all been 
made. Then quite suddenly, beginning in 1896, the method and 
the philosophy of physics achieved new triumphs and the new 
physics was ushered in. The big problems of the nineteenth cen- 
tury had been the problems of learning how to control and apply 
to our own ends the great forces of steam and electricity. The 
new physics is giving us an insight, heretofore undreamed of, into 
the ultimate nature of both matter and electricity, and as a result 
of this insight developments are now appearing with a rapidity 
unparalleled even in the nineteenth century. I shall characterize 
this new physics as the physics of atomism, and I shall endeavor to 
give you: 

First, a look into the new world of atoms and molecules as the 
physicist sees it today. 

Secondly, a passing glance at the electron, the recently discov- 
ered atom of electricity. 

Thirdly, an X-ray picture of radiation. 

The conception of a world made up of atoms which are in inces- 
sant motion is not new. It was developed almost as clearly in the 
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minds of the Greek philosophers of the School of Democritus as in 
the mind of the modern physicist; but the idea had its roots in one 
case in a mere speculative philosophy, in the other case it rests upon 
direct, unimpeachable ocular evidence. Not that the human eye 
has ever seen or indeed can ever see an individual atom or mole- 
cule — this is forever impossible, and for the simple reason that the 
limitations upon our ability to see small objects are imposed, not 
by the imperfections in our instruments, but by the nature of the 
light-waves to which the eye is sensitive. If we are to see mole- 
cules themselves our biological friends must develop for us wholly 
new types of eyes — eyes which are sensitive to waves one thousand 
times shorter than those to which our present optic nerves can 
respond. But, after all, the evidence of our eyes is about the least 
reliable kind of evidence which we have. We are continually see- 
ing the things which do not exist, even though our habits are 
unimpeachable. It is the relations which are seen by the mind's 
eye to be the logical consequences of exact measurement which are 
for the most part dependable, and these relations, in so far as atoms 
and molecules are concerned, have all been brought to light quite 
recently. The particular one of these which I want to show you 
this afternoon and which has been largely responsible for the 
silencing of all the erstwhile critics of the atomic and kinetic 
hypotheses is only about six years old in its quantitative aspects. 
But even in its qualitative aspects it is so beautiful and so con- 
vincing that anyone who has once seen it can never doubt there- 
after that this world of ours is in fact in all its parts in restless, 
ceaseless, seething motion. Let me first give you a picture of what 
the physicist believes to be true about the air in this apparently 
quiet room. There are in each cubic centimeter of this air 27 
billion billion molecules and they are all incessantly darting hither 
and thither like gnats in a swarm, only with the stupendous speed 
of a mile a second (in the case of hydrogen), ricochetting eternally 
against one another and the walls of the room and producing by 
this bombardment all the familiar phenomena of pneumatic tires 
and gaseous bodies generally. If you could magnify the air in 
the room just a thousand million times — that is, enough to make a 
good-sized marrowfat pea swell to the size of the earth — you would 
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see objects about as big as a football and if the motions would stop 
long enough to enable you to get a snapshot of the whole situation 
you would see on the average one of these objects in a cubical 
space ten feet on a side. Then if you let them go again you would 
see each of these footballs shoot on the average through thirty such 
imaginary cubical rooms before it banged into another football. 
This distance we call the "mean free path" of a gas molecule, 
but remember that it has been magnified a thousand million times. 

Now if all this is true, what must happen to small particles 
which are suspended in this air ? They must themselves be under- 
going this fierce bombardment all the time and hence must share 
in the motion. Now this is precisely what I shall show you here 
in this experiment on the Brownian movements — what they are 
actually doing; and anyone who has once looked upon this per- 
petual and violent dance of minute suspended particles, which is 
only an image of what the molecules themselves must be doing 
only with much greater violence, cannot but wonder whether what 
we call dead matter has not in it after all the potentialities of life. 
It looks as if it were much more alive than many of our pupils 
often do. 

But this is only one of the ways in which matter has been 
recently found to be more alive than we had formerly supposed. 
Not only are all kinds of atoms perpetually in motion but a few of 
the heaviest atoms, like uranium and thorium, have recently been 
found to be continually exploding and shooting off portions of 
themselves, which are actually found to be helium atoms, with 
speeds undreamed of in connection with projectiles of any kind 
twenty years ago — speeds of 20,000 miles a second, which is 50,000 
times as fast as the muzzle velocity of the most powerful of modern 
ordnance. These shots simply disintegrate the tissues of the body 
when they pass through it. This is what a radium burn means. 
The physicist has lately actually photographed the tracks of these 
so-called alpha particles as they shoot through air. When these 
particles impinge upon a zinc sulphide screen they cause a flash 
which can be easily seen in the dark. 

These facts of radioactivity have taught us two wholly new 
things about matter. The first is that the atoms of the so-called 
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elements are not all eternal, unchangeable things, but that some of 
them are slowly, but surely, transmitting themselves spontaneously 
into other elements. Here again we have evidence that dead 
matter is really very much alive in a new and undreamed of way. 
The second remarkable fact which the phenomena of radioactivity 
has revealed is that a particle of helium endowed with this huge 
speed can shoot straight through thousands and millions of mole- 
cules of air; that it can even go straight through a thin glass wall 
without leaving any hole behind, thus showing that an atom itself 
is a very loose structure; that it must be something like a miniature 
solar system with a very minute central nucleus and with very 
minute constituent bodies grouped about it and corresponding 
somewhat to the planets of a stellar system. 

This brings me to my second recent triumph of modern atomism. 
The thing which we have called electricity and which we learned 
in the last century how to control and how to make do our work 
for us has recently been revealing to us something of its nature. 
In the first place it has shown itself to be something not wholly 
distinct from matter but so intimately associated with all matter 
that we are now wondering whether we shall not have to make 
electricity itself the primordial element out of which matter is built 
up. Indeed, we can now say that we know that every neutral 
atom of nitrogen or oxygen in this room contains, even if we cannot 
yet say consists wholly of, equal amounts of positive and negative 
electricity. We know further that we can detach from such an atom 
only one definite, invariable amount of electricity or a very simple 
and exact multiple of this amount. This amount we call an 
electron, and we have recently proved that all electrical charges 
consist simply of swarms of these minute specks of electricity, and 
that electrical currents consist of the transfer of these electrons 
through our lamp filaments or along our trolley wires. We have 
been able to isolate and to measure exactly one single electron and 
to find that in this, say, about 3 billion billion of them course per 
second through an ordinary lamp filament. We have found that 
when X-rays pass through a gas they detach negative electrons 
from some of the atoms of the gas, leaving the residues positively 
charged. Ultra-violet fight does the same thing and so do the 
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projectiles shot out by radium. We have found that in this way 
electrically charged molecules are continually being formed from 
the neutral molecules of the air, not in great numbers it is true, for 
only from 3 to 20 of the 27 billion billion molecules per cubic centi- 
meter of ordinary air becomes thus ionized per second. It is the 
presence of these atmospheric ions which causes all the phenomena 
of atmospheric electricity which have been the object of man's 
awe and worship in all ages. We have found that radioactive sub- 
stances, in addition to ejecting continually the alpha particles, or 
atoms of helium, of which I spoke above, are also continually eject- 
ing these minute negative electrons, which weigh only 1/2,000 as 
much as a hydrogen atom, and ejecting them with speeds which 
approach closely to the velocity of light, 180,000 miles per second. 
We have found that such negative electrons are emitted with very 
little velocities whenever we heat a wire white hot. These and a 
score of other interesting properties of electrons have all come to 
light within the past fifteen years. Indeed, twenty-five years ago 
no one had ever heard of an electron, its existence had scarcely 
been suspected, and the name itself had never been spoken. Today 
it is one of the best-known and certainly one of the most important 
entities in the universe. This well illustrates the stupendous 
advances which have been made within the past quarter-century. 
Up to within six years there were not a few distinguished scientists 
who withheld their allegiance even from the atomic and kinetic 
theories of matter. The most illustrious of them was Professor 
Wilhelm Ostwald, but in the preface to a new edition of his Outlines 
of Chemistry he now says frankly: 

I am convinced that we have recently become possessed of experimental 
evidence of the discrete or grained nature of matter for which the atomic 
hypothesis sought in vain for hundreds and thousands of years. The isolation 
and counting of gaseous ions on the one hand .... and on the other the 
agreement of the Brownian movements with the kinetic hypothesis .... 
justify the most cautious scientist in now speaking of the experimental proof 
of the atomic theory of matter. The atomic hypothesis is thus raised to the 
position of a scientifically well-founded theory. 

Nor have these remarkable discoveries, which have recently 
followed one another so rapidly across the stage of physics that the 
actors themselves have scarcely known what was happening, been 
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without immediate utility to man. The last fifteen years have 
been a period in which the commercial and industrial world has 
been adopting and adapting to its own uses, with a rapidity hitherto 
altogether unparalleled, the latest products of the laboratory of the 
physicist and the chemist, so that the results of yesterday's re- 
searches designed for no other purpose than to add a little more 
to our knowledge of the ultimate structure of matter are today 
seized upon by the practical business world and made to multiply 
tenfold the effectiveness of the telephone or to extract six times as 
much light as was formerly obtained from a given amount of 
electric power. 

It is then not merely a matter of academic interest that the 
atomic and kinetic theories of matter have been proved correct, 
that the electricity has been found to be atomic or granular in 
structure, that the elementary electrical charge has been isolated 
and accurately measured, and that it is found to enter as a con- 
stituent into the making of all the seventy-odd atoms of chemistry. 
These are indeed matters of fundamental and absorbing interest 
to the man who is seeking to unveil nature's secrets, but they are 
also events which are pregnant with meaning for the man of com- 
merce and for the worker in the factory. For it usually happens 
that when nature's inner workings have been laid bare, man sooner 
or later finds a way to put his brain inside the machine and drive 
it where he wills. Every increase in man's knowledge of the way 
in which nature works must and does in the long run increase by 
just so much man's ability to control nature and to turn her hidden 
forces to his own account. 

Now comes the third recent advance of extraordinary interest 
and importance. X-rays were discovered in 1896 and it was their 
discovery which was the starting-point of all these new develop- 
ments. But what are these mysterious rays which enable one now 
to see all through himself, to watch his own heart beat, to see his 
stomach digest its food, to locate every foreign substance which 
gets into the body? For about sixteen years we worked with 
X-rays and learned much about them, but we didn't know what 
they were. Within the past two years, however, they have given 
up their secret. They are waves apparently just like light-waves 
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except that their wave-length is 1,000 times shorter. When an 
electric spark passes between the knobs of an electrical machine, a 
series of periodic disturbances start off through space, carried, we 
have supposed, by some medium, the ether, much as sound-waves 
are carried by the air. These waves are the waves used in wireless 
telegraphy. Their vibration rate or pitch is about a million a 
second. When an electrically charged molecule oscillates about its 
position of equilibrium in a solid body exactly similar waves radiate 
out through space, except that their wave-length is much shorter, 
that is, their pitch is higher, say a million times higher. The 
vibration rates would then be a million million. These are the 
invisible heat-waves. When the electrons oscillate within the 
atom, waves of still shorter wave-length and higher pitch travel 
out from the vibrating electron. These are the light-waves, which, 
when they fall upon the optic nerves, endow us with all the bless- 
ings of vision. Their vibration rate is from ioo to 1,000 times 
higher still. When high-speed electrons plunge through matter, 
they set into vibration some kind of unknown subatomic oscillators, 
probably electrons held by powerful forces in the very nucleus of 
the atom, whose vibrations cause X-rays to travel out through 
space. Their vibration rate is 1,000 times higher still, about a 
billion billion per second. So much we feel fairly confident about. 
But what is happening in the empty space through which these 
waves are traveling ? This is the most interesting of the unsolved 
problems of physics. The ultimate nature of these ether-waves is 
still a complete mystery, but even here we are beginning to get 
evidence that we have something to deal with which is unitary or 
atomic. When ether-waves of high enough pitch, light-waves or 
X-rays fall on the atoms of matter, they are found to have the 
property of ejecting electrons from them with a speed, or rather 
with a kinetic energy, which seems to be determined solely by the 
pitch or frequency of the incident light, and this energy seems to 
be coming out directly proportional to this frequency. In other 
words, we are beginning to discern in this factor of proportionality 
between the energy of ejection of the electron and the frequency 
of the light or X-ray which ejects it a universal constant charac- 
teristic of all so-called ethereal or electromagnetic radiation. In 
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this sense the spirit of atomism has invaded the domain of ether 
physics also. 

But here I have brought you up to the outmost boundaries of 
our knowledge. Call me back in ten years and I will tell you a 
great deal more. All these matchless results of modern physics 
have been worked out by the joint and friendly labors of the Eng- 
lish scientist, the French scientist, the German scientist, the 
Russian, the Italian, and the American scientist. Never had the 
world been striding forward at so marvelous, so inspiring a pace, 
and then came the 1st of August, 1914, and a wild, insensate mad- 
ness came upon it and in one day it had plunged back a thousand 
years toward barbarism. It seized its choicest young men, its 
finest scientific brains, and began sacrificing them by the thousand 
on the fiery altar of Moloch — and to what purpose ? None save 
the lust of power, the desire to rule, the gratification of an insane 
spirit of nationalism. And all about you now you hear men trying 
to condone this welter of blood and prejudice and hate and false- 
hood, this most ghastly crime in history, this most hellish hell 
which man ever made on earth, with that barbarous, outworn, 
utterly discredited philosophy of mysticism and fatalism that war 
is God's way in the world, or that war is nature's law, whichever 
way you wish to put it. Were it not for the history of science dur- 
ing the last fifty years we might indeed, at times like this, wonder 
if we were not simply whirled along by a huge world of forces over 
which we have no control. But with that history the scientist 
becomes an optimist. The divine plan has placed in man's own 
hand the working out of this world's destiny. If he plunges it 
into war and hell it is man's own fault. Modern science has burned 
the decrees of fate, it has put the three old women out of business, 
it has placed instead the hand of man upon the throttle of this 
speeding world. 

On every hand the scientist has made nature over and has vastly 
improved upon her. If he hasn't a fruit of the right taste or size 
he makes one. If he hasn't an ox of the right qualities to stand the 
Texas storms and yet to make good beef, he makes a new one which 
has got the toughness of the bison and the beefiness of the Durham. 
If the soil doesn't produce enough he learns how to make it produce 



620 THE SCHOOL REVIEW 

more, and, most important of all, he is slowly learning to control his 
own natural appetites and to replace the law of tooth and claw, the 
old law of survival of the fit, by one of intelligent predetermination. 
When we first see him in the dawn of history he was quite unconscious 
of himself and of his own power and of the part he was destined to 
play in the evolutionary scheme, and the changes which he wrought 
in the external conditions under which he lived were correspond- 
ingly few and far between. But gradually through the growth of 
science he has become conscious of himself and has brought about 
the changes with astonishing rapidity, so that today he is the chief 
factor in evolution. The lesson which physics has to teach the 
world is that war can and must be abolished; and it will be abol- 
ished through the adoption by the nations of the earth of the 
method and the faith of the scientist — the method of calm, judicial, 
tempered, reasoned action; the faith in man's own ability to cure 
his own ills, social as well as physical; even the faith that he can 
find a way to stay the ravages of the most hideous, most loathsome 
disease which has thus far blighted the lives of men, the disease of 
militarism, just as he has already found a way to stay the ravages 
of diphtheria and smallpox. 



